Abstract Although more common with advanced age, the entire spectrum of benign and malignant cutaneous lymphoproliferative disorders can present in the pediatric population. Nevertheless, these conditions are often mistaken for other more common, benign dermatoses, resulting in delayed diagnosis. Standardized management of these conditions is also lacking. The purpose of this review is to provide an update on the most common benign and malignant cutaneous lymphoproliferative disorders in children: pityriasis lichenoides and mycosis fungoides. The presentation, evaluation and management of each of these conditions are discussed.
lymphoma, subcutaneous panniculitic T cell lymphoma, primary cutaneous aggressive epidermotropic CD8+ T cell lymphoma, anaplastic large cell lymphoma and NK-T lymphomas. These clearly malignant conditions exist along a spectrum of benign or clinically indolent lymphoproliferative entities including pityriasis lichenoides, follicular mucinosis, lymphomatoid papulosis and CD4+ small-medium pleomorphic T cell lymphoma [2] . Owing to their rarity and their propensity to mimic other more common, benign dermatoses of childhood, the diagnosis of cutaneous lymphoproliferative disease in children is both difficult and often delayed. Furthermore, treatment is typically not standardized due to a lack of comparative randomized control trials. The purpose of this review is to provide an update on the most common benign and malignant cutaneous lymphoproliferative disorders in children: pityriasis lichenoides and mycosis fungoides.
Pityriasis Lichenoides
Pityriasis Lichenoides (PL) was first described by Neisser and Jadassohn in 1894. This benign entity is typically classified into two main variants: pityriasis lichenoides et varioliformis acuta (PLEVA) and pityriasis lichenoides chronica (PLC). PLEVA and PLC are thought to lie on a disease spectrum, with PLEVA being more acute and symptomatic and PLC being more chronic in nature, but some patients may show features of both [3•, 4] . In a recent review by Hapa et al., of 24 patients (ages 2-14, with a median age of 7 years) with pityriasis lichenoides, PLC was more common than PLEVA (62.5 % to 25 %, respectively), with features of both in a small subset of patients (2.5 %) [5•] . In contrast, a larger retrospective review of 124 patients in 2007 identified PLEVA in 57 .3 % and PLC in 37 % of patients, with features of both seen in the remainder. PLEVA exhibits a younger median age of onset (60 months) compared to PLC (72 months), with a median duration of disease ranging from 18 to 20 months [4] . Both subtypes present more commonly in the spring and fall [4, 5•] .
Clinically, PLEVA is characterized by the acute onset of pruritic and at times painful, symptomatic papulovesicles with necrotic, ulcerative or hemorrhagic changes. In its early presentations, the condition may be confused with varicella. Patients with PLEVA, however, lack the typical fever and mucous membrane involvement seen in varicella, and the course of PLEVA is considerably more prolonged. In contrast, the hallmark of PLC is recurrent crops of asymptomatic, scaly, red-brown or hypopigmented papules and plaques that flatten or regress over a period of weeks. Clinically, the papulosquamous appearance of this condition may resemble pityriasis rosea or hypopigmented mycosis fungoides. Lesions of both PLEVA and PLC may be present at all stages of development.
Notably, the histopathology of these entities can overlap. Examination reveals focal parakeratosis, mild to moderate acanthosis, a variably intense lichenoid tissue reaction with dyskeratotic keratinocytes, and erythrocyte extravasation. As a rule, more subtle changes are noted in PLC with a superficial lichenoid lymphocytic infiltrate, while these histologic findings may be more exuberant in PLEVA, exhibiting a more intense lichenoid infiltrate, deep dermal perivascular lymphocytes, epidermal necrosis, hemorrhagic crusting and ulceration.
PLEVA and PLC are regarded as benign reactive lymphoproliferative disorders, and several theories regarding their etiology have been postulated. Specifically, PLEVA and PLC have been proposed to represent an inflammatory reaction triggered by an infectious agent or medication, or secondary to a T cell dyscrasia. A history of a preceding URI is reported in 33 % of cases, and preceding drug or vaccination in 20 % of cases [5•] . Suspected infectious triggers include varicella zoster virus (VZV) [6] , Human herpesvirus (HHV)-8 [7] , streptococcal pharyngitis, Toxoplasma gondii, parvovirus B19, Epstein-Barr virus (EBV), and human immunodeficiency virus (HIV) [8] . Implicated medications and vaccinations include subcutaneous immunoglobulin [9] and the measles, mumps and rubella (MMR) vaccine [10, 11] . T cell clonality has been detected in patients with PL, supporting an alternate theory that these entities represent a lymphoproliferative rather than an inflammatory process. In tissue samples from 14 patients with PLEVA and 13 patients with PLC, 57 % of patients with PLEVA had evidence of a monoclonal T cell receptor gene rearrangement in comparison to 8 % with PLC [12] . In contrast, in another study of 23 patients with a history of PLEVA and PLC, only one patient with PLEVA had evidence of a positive T cell receptor (TCR) gene rearrangement [7] . Those patients so identified were thought to have a viral trigger. Currently, it is unclear if T cell clonality in PL is dependent upon a specific disease trigger. It is also unknown whether those patients identified as having a clonal population may be at increased risk of developing a secondary lymphoproliferative disease.
Though PL is more commonly identified in and associated with children, it also occasionally affects adolescents and adults. However, its presentation and response to treatment vary. In a study of 57 patients, (25 children and 32 adults) diagnosed with PL, children were more likely than adults to have more prominent dyspigmentation (notably hypopigmentation). More extensive cutaneous involvement, especially facial involvement, was also more likely to occur in children. Children generally had a poorer response to conventional treatments [13] .
First-line treatment options for both PLEVA and PLC include oral antibiotics with or without topical corticosteroids or topical immune modulators. Erythromycin is the most common antibiotic administered, with patients demonstrating greater than 50 % improvement in their skin in 64 % at 1 month, 73 % at 2 months and 83 % at 3 months [5•] . Cephalexin, amoxicillin-clavulanic acid, cefaclor, tetracycline, and azithromycin have also been used with some success [14] . Second-line treatment options include ultraviolet B (UVB) and psoralen with ultraviolet A (PUVA) phototherapy, though their success and tolerability may vary based on the age of the patient [15] . Narrowband (nb)UVB alone has been successful in 44-48 % of patients with PLC [16•] . Third-line agents include methotrexate, acitretin, dapsone, or cyclosporine. Up to 77 % of patients have evidence of disease recurrence after complete clearance with appropriate treatment [4] .
Febrile ulceronecrotic Mucha-Haberman disease (FUMHD) is a severe variant of PLEVA that deserves special mention. It may follow a diagnosis of PLEVA [17, 18] or occur de novo [19] . Affected patients exhibit rapid onset of necrotic papules coalescing into large ulcerations with numerous systemic symptoms including markedly high fevers [8] . It tends to occur more commonly in children and young adults, with the youngest case reported most recently of a 34-month-old [17] . Rarely, FUMHD may clinically mimic Stevens-Johnson syndrome (SJS), given the extent of cutaneous involvement with epidermal necrosis [19] . Similar to PL, no clear triggers have been identified for FUHMD, though isolated cases have demonstrated seropositivity to VZV [20] and Herpes Simplex Virus (HSV)-2 [21] . Treatment modalities for FUMHD may overlap with PL; however, given its severity with rapid progression, systemic complications, and potential fatality, more aggressive medications are utilized. Treatment options include Tumor Necrosis Factor (TNF)-alpha inhibitors [22] , methotrexate [17, 19, 23] , prednisone [19] , intravenous immune globulin (IVIG) and extracorporeal photopheresis [24] .
Cutaneous T Cell Lymphoma and Mycosis Fungoides
Cutaneous T cell Lymphoma (CTCL) is a non-specific term that encompasses all extranodal T cell neoplasms that primarily involve the skin [25] . As such, CTCL includes both indolent and aggressive malignancies of varying clinical, histologic and immunophenotypic character. The overall incidence of CTCL in the United States is approximately 6.4 per million persons [26] . Although CTCL can occur in both adults and children, its incidence increases significantly with age, from an incidence of 0.4 per million persons in children less than 20 years old to an incidence of 24.6 per million persons in adults aged 70-79 years [26] . Notably, the incidence of CTCL appears to be increasing with time, though whether this is secondary to improvements in diagnosis or a specific etiologic factor is disputed [26] .
Mycosis fungoides (MF) is the most common subset of CTCL in both adults and children. As with CTCL in general, MF is primarily a disease of advanced age. However, a notable portion of MF diagnoses are made in children, ranging from 2 to 16 %, depending on the population studied [27] [28] [29] [30] [31] .
Mycosis fungoides has a protean presentation ranging from limited patch stage (T1a skin classification) disease to widespread erythroderma (T4 skin classification), with or without extracutaneous involvement. Classically, early stage MF is characterized by scattered patches and plaques that favor sun-protected or so-called "double-covered" areas such as the buttocks and upper thighs (Fig. 1) . Patches typically appear as well-demarcated, erythematous areas with overlying scale and variable pruritus. Atrophy or poikiloderma may be appreciated in these localized areas. Plaque-stage disease may have a similar distribution, but is characterized by thickened red-brown skin that may assume a more annular appearance. More advanced stage disease presents as tumors or nodules that frequently ulcerate, or as frank erythroderma, often with accompanying systemic involvement. The clinical staging system for MF is summarized in Table 1 .
The clinical manifestations of MF in children are diverse. While many patients display classic chronic eczematous or psoriasiform patch/plaque stage disease, they may also present with folliculotropic, poikilodermatous, isolated acral (pagetoid reticulosis, Woringer-Kolopp type) or leukemic (Sezary syndrome) variants [28, 32, 33] . Purpuric variants, including a case of MF mimicking a pigmented purpuric dermatitis, have also been reported [34, 35] . The occurrence of MF in family members (parent-child or siblings) has also been described; a disease susceptibility secondary to specific human leukocyte antigen (HLA) alleles has been proposed to explain this phenomenon [36] [37] [38] [39] . In these instances, the age of onset is often in earlier adulthood than in sporadic cases, typically presenting in the fourth and fifth decade of life, though differences in clinical behavior have not been identified [37, 38] . However, Fig. 1 Hypopigmented MF in a child. An ill-defined hypopigmented patch without scale or atrophy is present on the left upper thigh. The hyperpigmented macule at the inferior aspect of the lesion represents a previous biopsy site it is notable that "familial MF" has also been reported in siblings during childhood, or affecting both adult parents and their young children, though this occurrence is quite rare [36, 37, 39] .
Unilesional and hypopigmented MF are two notable variants in children and adolescents that occur with greater frequency than in adults [34, 40, 41•, 42-44] . The prevalence of the hypopigmented form in children with MF was initially estimated at approximately 20 %, but it likely represents the most common type of MF in children [29, 30, 41•, 42] . This variant presents as hypopigmented macules and patches accentuated in sun-protected areas, typically without secondary changes of scale or atrophy [40] . Hypopigmented lesions occur alone or concomitantly with classic erythematous or hyperpigmented patches and plaques of MF. Pruritus is often absent. Hypopigmented MF is more common in dark-skinned patients, but is known to occur in Caucasians, as well [27, 30, 40, 43, 45] . Notably, a series of three children with MF characterized by scaly red-brown macules and papules suggestive of PL has also been described [46] . Despite the fact that PL typically has an indolent course, it is important to consider MF in the differential diagnosis of PL-like lesions in children to ensure proper diagnosis. Regardless of clinical appearance, multiple studies have shown that the majority of children diagnosed with MF have early stage disease (IA, IB or IIA) [28-30, 33, 41•, 42] . Indeed, a more recent study analyzed the clinical and histologic characteristics of 22 children with MF registered with the International Childhood Registry for Cutaneous Lymphomas, and showed that patch stage and hypopigmented lesions were the most common presentations in this age group [41•] .
Folliculotropic MF (FMF) is an uncommon variant characterized by follicular plugging with evidence of comedones, milia and cysts, which can be readily confused with acne. In certain instances, it may evolve to discrete alopecic, indurated red plaques. FMF is associated with decreased survival [47] . Criteria for the diagnosis ofFMF overlap considerably with follicular mucinosis (FM), a reactive process that also involves hair follicles. Whether follicular mucinosis represents a benign idiopathic condition or an early form of mycosis fungoides, however, remains controversial [48] [49] [50] . An essential component of this controversy is the presence of two distinct variants of FM that exhibit different clinical behavior: FM in young patients with limited head and neck involvement and an excellent prognosis (idiopathic FM) vs. FM in older patients (greater than 40 years old) with disseminated lesions and an increased risk of progression to MF [50, 51] . Importantly, these two subtypes cannot be distinguished based on T cell clonality [50, 51] . Recently two studies analyzed the clinicopathologic features of FM in children to better understand the natural course of FM and whether it is related to MF in this age group [52, 53••] . In each of these retrospective studies, a cohort of children with a diagnosis of follicular mucinosis was identified. A minority of these patient had associated mycosis fungoides (based on either classic histopathologic findings or meeting diagnostic criteria outlined by the International Society of Cutaneous Lymphomas), and all 
were treated with conservative topical therapy (see below). In the majority of cases, the lesions resolved without recurrence and were infrequently associated with other hematologic malignancies [52, 53••] . Both studies concluded that FM could not be equated to early folliculotropic MF in children, and that in most cases it should be regarded as a benign entity. As such, aggressive therapy should be avoided. However, patients should be followed closely for potential malignant transformation or associated disease [52, 53••] . As a result of its clinical heterogeneity, as well as its relative rarity, MF is often mistaken for more common, benign dermatoses in children. The differential diagnosis of MF in children may include atopic dermatitis, psoriasis, tinea corporis and pityriasis rubra pilaris [28, 30, 35] . Vitiligo, pityriasis alba, PLC, post-inflammatory hypopigmentation, progressive macular hypomelanosis, leprosy, morphea and sarcoidosis are considerations when the hypopigmented form predominates [40, 43, 45] .
A diagnosis of MF can be facilitated via histologic examination of an adequate skin specimen. MF is characterized by a lichenoid infiltrate of lymphocytes with prominent epidermotropism. These epidermal lymphocytes are often atypical in appearance, being of variable size and with hyperchromatic or cerebriform nuclei [25] . Occasionally, these lymphocytes aggregate in clusters to form Pautrier's microabscesses within the epidermis. A notable histologic feature of MF is the relative absence of spongiosis in relation to the epidermal infiltrate. Additional features suggestive of MF include socalled "tagging" of the dermal-epidermal junction by atypical lymphocytes, as well as fibrosis of the papillary dermis [25, 46] . Immunohistochemical studies may augment routine histology, demonstrating an increased CD4 to CD8 ratio in the epidermis and dermis. In contrast to classic MF, hypopigmented MF is more frequently characterized by a predominantly CD8+ cellular phenotype, though this does not appear to change disease course or prognosis [40, 43, 45] . Although identification of T cell receptor (TCR) clonality by PCR may be supportive of the diagnosis of MF, it should be noted that cases of MF may lack this finding and it is not diagnostic of the condition [28, 29, 42] . Furthermore, TCR clonality has been documented in various benign, reactive conditions [54, 55] . Nevertheless, clonality may serve as a useful marker to monitor for residual disease after therapy, if initially present [56] . In instances where histologic findings are not entirely diagnostic, but clinical suspicion persists or patients are refractory to therapy for an alternate diagnosis, repeat biopsy or biopsies over time is recommended, with patients off topical therapies for at least 3 weeks prior.
Evaluation of children with CTCL is not standardized. However, in our practice we adhere closely to suggested National Comprehensive Cancer Network (NCCN) clinical practice guidelines for the management of MF in adults [57] . Evaluation begins with a comprehensive medical history, with special attention to recent "B" symptoms, including fever, weight loss, night sweats, fatigue, and pruritus. A complete physical exam is performed, specifically noting morphology, distribution and body surface area involved, as well as the presence of hepatosplenomegaly and lymphadenopathy. Laboratory workup for all patients includes a complete blood count, comprehensive metabolic panel and lactate dehydrogenase. For patients with limited patch stage disease (T1a) with no "B" symptoms, no additional screening is performed. In patients with limited patch disease with "B" symptoms, limited plaque (T1b) or more extensive patch disease (T2a) or plaque disease (T2b), tumors (T3) or erythroderma (T4), flow cytometry and TCR gene rearrangement studies of both blood and lesional skin are performed to evaluate for clonality and peripheral blood involvement.
The decision to employ full-body imaging via computerized tomography (CT) or CT/PET (positron emission tomography) is based on the likelihood of systemic involvement after preliminary evaluation outlined above. In our practice, we perform PET/CT imaging in patients with patch or plaque disease with >20 % body surface area (BSA), or in patients with T3 or T4 disease. In contrast, we defer imaging children with T1 or T2 disease with <20 % BSA involvement. Additionally, owing to its typically indolent clinical course, we defer PET/CT in children with hypopigmented MF, even if BSA involvement is >20 %. The decision to image children via CT scan is one that should be done with a clear understanding of the risks involved. A recent retrospective cohort study demonstrated a positive association between ionizing radiation from CT scans and the development of either leukemia or brain cancer in persons less than 22 years of age [58] . Specifically, the authors estimated that the amount of radiation in two to three head CTs results in a three-fold increase in the risk of brain tumors, while the radiation of five to ten head CTs triples the risk of leukemia [58] . The authors of this study acknowledged that the relative incidence of these conditions is low at baseline, but estimated that one extra case of both leukemia and brain malignancy would occur for every 10,000 head CT scans [58] . These findings are supported by a second retrospective study that similarly identified an increased risk of radiation-induced malignancy in children undergoing CT scans [59••] . Notably, abdominal/pelvic imaging appeared to be positively associated with an increased risk of solid tumors, while an increased risk of brain cancer and leukemias was associated with head CT scans (the most commonly performed CT scan in children) [59••] . Both studies contended that CT imaging should be limited as much as possible in children. We concur with this assessment; these risks may be even more pronounced in our patient population, where total body CT imaging is performed. Therefore, weighing the risks and benefits of multiple CT scans is an important consideration in the continued management of patients with MF. Alternative modalities for staging and followup that limit ionizing radiation should be employed as much as possible. Nevertheless, staging is vital in patients with T3 or T4 disease, and the benefits of imaging likely outweigh the risk of secondary malignancy due to radiation.
Treatment of MF is challenging, and a recent meta-analysis was unable to identify a single therapeutic regimen that resulted in improved disease-free interval or overall survival [60] . Therefore, goals of MF treatment should emphasize control of symptoms and improved quality of life, while minimizing the risks associated with therapy. Management of MF in children depends on disease stage. For limited disease (stages IA-IIA), skin-directed therapy is an appropriate first line approach. Options include potent topical steroids, topical nitrogen mustard, phototherapy, or localized radiotherapy [28, 41•, 61-64] . When deciding between these modalities, side effect profiles are a central consideration. Excessive use of potent topical steroids such as clobetasol is associated with skin atrophy and dyspigmentation, but in children it may also induce adrenal suppression over time when applied to a significant body surface area [65, 66] . Topical nitrogen mustard (NM) may therefore be a reasonable alternative. A study by Kim et.al. found that in all patients treated with NM as initial therapy, an 83 % response rate was achieved, with 50 % of patients demonstrating a complete response to therapy [62] . Moreover, side effects,such as development of secondary cutaneous malignancy, irritant and allergic contact dermatitis were infrequent; these were no more common in children than adults [62] . Importantly, bone marrow suppression and other evidence of systemic absorption were not noted in children using this chemotherapeutic agent, though periodically evaluating children with a complete blood count and metabolic panel while using topical NM is advised [62] . Topical bexarotene or carmustine are alternate therapeutic considerations, though they carry their own unique risks, including potential hyperlipidemia with bexarotene and marked skin irritation and myelosuppression with carmustine [34, 65] .
Phototherapy is an effective skin-directed therapy for MF [41•, 64, 65, 67] . PUVA has been shown in some studies to induce long-term remission lasting up to 10 years, but may be a suboptimal choice in children owing to side effects such as nausea, vomiting, phototoxicity and ocular sequelae [64] . Topical PUVA may mitigate some of these adverse effects. Alternatively, phototherapy with nbUVB also appears to be an effective option for controlling cutaneous disease in early stage patients [27, 34, 63] . Despite the efficacy of these treatments, the long-term risks of extended ultraviolet light exposure-especially with PUVA-must be measured against its apparent benefits. PUVA therapy is known to induce chronic photodamage (xerosis, telangiectases, lentigines), as well as cutaneous malignancies including melanoma [64, [67] [68] [69] . These adverse effects appear to be dose-dependent [68, 69] . In contrast, nbUVB appears to be far less carcinogenic, but as adequate longitudinal studies have not been performed, it is unclear if this therapy may impart an increased risk of cutaneous malignancy later in life, particularly after multiple treatments [70] . As such, prolonged use of nbUVB should be performed with caution, and close clinical followup for the development of secondary skin malignancies is mandatory.
Patients with stage IIB or refractory stage IA-IIA disease may benefit from the addition of systemic agents including interferon-alpha, interferon-gamma, and bexarotene. For severe disseminated and/or extracutaneous disease, treatment in conjunction with a pediatric oncologist is recommended.
Few studies have directly assessed whether outcomes of children with MF differ from adults. It has been proposed that a diagnosis of MF in youth portends a worse outcome owing to the extended length of time for potential disease progression or transformation. However, a retrospective study of 58 patients diagnosed with MF before 35 years of age showed better overall and disease-specific survival compared to their older counterparts [61] . This was due primarily to the fact that younger patients usually present with earlier stage (T1) disease. Notably, none of these young patients with T1 disease showed progression to higher stages. In this study, association with other malignancies such as large cell lymphoma or Hodgkin's disease was rare [61] . Indirect evidence supporting a benign disease course in children with MF comes from studies showing that overall survival of patients with T1 patch stage disease does not differ from disease-free controls [47, [71] [72] [73] . Similarly, the hypopigmented variant of MF is associated with improved survival and reduced risk of disease progression [28, 47] . Although these studies were performed across all age groups, they provide optimism for the outcomes of most children with MF presenting with limited early disease. In contrast, those children with more advanced disease appear to have poor prognoses, similar to adults [28, 61] . Regardless, close follow up is mandatory in all patients. In our practice, when a patient's clinical course appears indolent, they are typically seen in follow-up every 3 months. Restaging may be necessary with acute worsening of disease.
Conclusion
PL and MF represent the most common benign and malignant lymphoproliferative diseases in children, respectively. Nevertheless, each of these entities has varied presentations ranging from asymptomatic, indolent lesions to widespread, debilitating eruptions. It is important to consider the long-term implications of these conditions (particularly MF) in children. While accurately identifying a given illness is important, the diagnosis of malignant conditions such as MF (no matter how indolent) may have significant consequences with respect to obtaining health insurance, employment etc. as an adult. Furthermore, the unclear association between PL and other hematologic malignancies may be cause for much concern. Goals of therapy include palliation of skin symptoms and skin appearance, while minimizing long-term cumulative side effects of potentially chronic therapies (such as actinic damage and the development of secondary malignancies). As a result, thoughtful, individualized workup, clinicopathologic correlation, counseling and therapeutic management is essential, as one approach does not fit all patients. Future multi-center collaborations will be required to identify those methods that will ultimately improve patient quality of life. Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects performed by any of the authors.
